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Warning: Your current fuzzy 
systems are only half fuzzy 



li note: The foitowins letter is one of several the 
author recently received from aadffl 

/ really enjoyed your column "Disman- 
tling a fuzzy rule-based system shows Its 
Inner workings" (EDN, November 10, 1994, 
pg 189). Your column summarized fuzzy 
very well. I am one of the frustrated engi- 
neers who's really Interested In fuzzy logic 
but hasn't yet had the chance to apply It on 
the lob. 

One concern regarding output member- 
ship functions: It seems like crisp outputs 
would be the same whether the output 
membership functions were symmetrical 
triangles or just singletons. If this [assump- 
tion ] is true, why would we ever bother with 
triangles when singletons are easier to 
defuzztfy? 

Ray Johnson, 

Lockheed Idaho Technologies 

A kindred spirit! Ray is the only other person 
I know of who has realized that centroid 
denazification essentially is the same as 
using singletons. His letter also sparks a dis- 
cussion I promised earlier on regarding 
defuzzification. Note that the shortcomings 
of fuzzy logic I point out are not weakness- 
es, but rather commentary on how fuzzy 
logic is currently being used in system 



First, let's review what defuzzification is. 
Most fuzzy rule-based systems use member- 
ship functions to represent input conditions 
and output actions. These functions repre- 
sent fuzzy sets or fuzzy values. Examples of 
fuzzy values Include low, fast, or heavy. 
Examples of numeric (or crisp) values, with 
which we have had more experience, are 2, 
5, or 23,462.789. 

In a fuzzy system, when several rules fire 
simultaneously, the kernel typically defuzzi- 
fies and combines the specified output 
actions, expressed as fuzzy values, into a sin- 
gle, crisp output. (I use "typically" here 
because some systems do not defuzzify but 
rather maintain the output In its fuzzy form, 
often to pass on to a subsequent fuzzy stage.) 
Defuzzification is the operation that trans- 



forms a fuzzy value into a crisp equivalent. 

Currently, you can select from a number 
of techniques for defuzzification. The cen- 
troid, or center-of-gravity (COG), approach 
is the most popular. The kernel first lops off 
the top of each fuzzy output value at the 
truth value of the fired rule and then calcu- 
lates the center of mass of each participating 
output. The center of these centers of mass 
indicates the single output action. 

I know of four problems associated with 
centroid defuzzification. The first is compu- 
tational intensity. Although calculating 
areas is not excessively difficult for triangu- 
lar and trapezoidal functions, in real-time 
systems running on microcontrollers, the 
impact of doing so may be critical. 

An example will best illustrate the second 
problem. Say a given output range has a 
high-end limit of 10. A membership func- 
tion ranging, say, from 8 to 10 represents the 
maximum fuzzy value. Its COG is in the 
neighborhood of 9. Because centroid 
defuzzification calculates system outputs 
from COG figures, no system output greater 
than the COG of this function, that is, 9, will 
be possible — despite the desired maximum 
being 10. Of course, we can artificially over- 
come this shortcoming by extending the 
output domain beyond its actual limit and 
creating the membership function at the 
extreme, so that its COG coincides with the 
desired limit. However, this deviates from 
the close mapping between model and real 
world, which is a strength of a fuzzy system. 

The third problem with centroid defuzzi- 
fication is the point Ray Johnson makes in 
his letter. If output membership functions 
are vertically symmetric, the only difference 
on the resulting output value between them 
and singletons are the weights associated 
with different function areas. This situation 
results because the COG of a vertically sym- 
metric function lies on a single vertical axis. 
Independent of whether the rule fired 
strongly or weakly (which occurs in 
response to changing Input values), the des- 
ignated output value remains constant. 

Function areas, which singletons do not 
have, and which are used for weights when 
combining several actions, make up the 
fourth centroid problem. This issue tends to 
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Ing, that Is, "I will accept any output in 
this admittedly broad range." And the 
narrow one's being narrow implies that 
we are quite certain as to its meaning, 
that is, "I want an output that is con- 
strained to this specific region." "Wide- 
ness" corresponds to uncertainty and 
imprecision; "narrowness" corresponds 
to certainty and precision. If two rules 
fire with the same truth value, with 
centrold defuzzlfication, the wide 
(imprecise) output will take precedence 
over the narrow (precise) output. To 
me, this is counter-intuitive. 

A better scheme would weight sin- 
gletons based on the "area" of the 
region in the input space for which the 
given rule is active. About three years 
ago, 1 developed an inference method 
using this approach and called it 
"weighted singleton Inference." I still 
use it, but no one else seems to have 
picked it up. 1 attribute this, at least in 
part, to a concurrent study I conducted 
comparing centroid, standard single- 
tons, and weighted singletons in both 
closed- and open-loop control. For the 
most part, results were indistinguish- 
able from the technique used. 

While I'm on the soapbox, I have 
three more observations concerning 
defuzzification and centroids. 

Fuzzy rule-based systems of today are 
only half fuzzy. A system's inputs are 
fuzzy because of the fuzzy input values, 
but, when using singleton output val- 
ues or fuzzy output values with cen- 
troid defuzzification, outputs are not 
fuzzy. Any apparent fuzziness at the 
output comes from overlapping fuzzy 
input functions. 

If a "half-fuzzy" system utilizes 
fuzziness only at its inputs, then, to be 
"fully fuzzy," a system must have both 
fuzzy inputs and fuzzy outputs. Small 
changes in the inputs must result in 
small changes in the output(s), even 
when only one rule is firing. In a fully 
fuzzy system, one would expect to see 
regions of constant output value only 
when using a crisp output function (a 
singleton), in addition to the fuzzy out- 
put functions. 

Most fuzzy systems use fuzziness only 
as a means of interpolating outputs 



a system response function obtained by 
dividing the input space into crisp, 
noncontiguous regions, assigning a 
constant output value to each of these | 
regions, and letting the "fuzziness" 
provide smooth transitions (an Inter- 
polation) between the constant output 
values. Any interpolation system would 
work as well or better, and, for a two- 
input system, would be easier to imple- 
ment. 

The overall response of "half-fuzzy" 
systems is largely insensitive to the type of 
defuzzification used. So long as the tran- 
sitions are smooth and interpolated 
(that is, they don't result in values out- 
side the constant regions being con- 
nected) fuzzy systems are actually quite 
tolerant of various methods of transi- 
tion calculation. Singletons, centroids, 
and weighted singletons all result in 
similar response functions, although 
centroids tend to have more "noise" 
when more than two rules are firing. 

So, what does this all mean? First, we 
need a more powerful inference 
method (and, therefore, defuzzification 
technique), one that fully utilizes fuzzi- 
ness at both input and output, and one 
that allows us to create "fully fuzzy" 
systems. This move is more difficult 
than it may seem, but it's evolving. 
Until its arrival, fuzzy-rule-based-sys- 
tem designers would do well to discard 
centroid as a defuzzification technique. 
The results are not worth the addition- 
al complexity. Use singletons instead; 
or, if you're a nonconformist, use 
weighted singletons. If you send me a 
self-addressed, stamped envelope, I'll 
send you a paper I wrote on them. 

VOTE 
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David Brubaker is a consultant in fuzzy- 
system design. You can reach him at 
Huntington Advanced Technology, 883 
Santa Cruz Ave, Suite 3 1, Memo Park, 
CA 9402S-4608 or on the Internet at: 
brubaker@cup.portal.com. 



